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Few prospective studies on pre-trauma predictors for subsequent development of posttraumatic stress
disorder (PTSD) have been conducted. In this study we prospectively investigated whether pre-
deployment personality and the cortisol awakening response (CAR) predicted development of PTSD
symptoms in response to military deployment. Furthermore, we hypothesized that potential effects of
age, childhood trauma and previous deployment on development of PTSD symptoms were mediated via
pre-deployment personality, CAR and PTSD symptoms.
Path analysis was performed on data from 470 male soldiers collected before and six months after
a 4-month deployment to Afghanistan. Before deployment, personality was assessed with the short-form
Temperament-Character Inventory and the Cook-Medley Hostility scale. In addition, pre-deployment
saliva sampling for assessment of the CAR was performed immediately after awakening and 15, 30 and
60 min thereafter.
Pre-deployment high hostility and low self-directedness represented intrinsic vulnerabilities for
development of PTSD symptoms after deployment. The CAR assessed before deployment did not predict
PTSD symptoms after deployment. Pre-deployment low-to-moderate PTSD symptoms were associated
with PTSD symptoms after deployment. As hypothesized, the effects of age and childhood trauma on
PTSD symptoms after deployment were mediated via personality and pre-deployment PTSD symptoms.
However, the number of previous deployments was not related to development of PTSD symptoms. The
total model explained 24% of variance in PTSD symptoms after military deployment.
 2010 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
A signiﬁcant proportion of trauma-exposed individuals develop
psychiatric disorders such as posttraumatic stress disorder (PTSD)
in the aftermath of a traumatic event. PTSD is characterized by
re-experiencing of the traumatic event, avoidance of trauma-
related stimuli and numbing of affect accompanied by symptoms
of hyper-arousal. Deployed military personnel are a population at
risk for development of PTSD. One year after return from
deployment to Iraq, the prevalence of PTSD in combat exposed U.S.y Mental Health, Ministry of
rlands. Tel.: þ31 302502650;
e).
lsevier OA license.soldiers has been estimated to range from 23.7 to 30.5% (Thomas
et al., 2010).
Many possible psychological and biological vulnerability factors
for the development of PTSD have been proposed (for review: Ozer
et al., 2003; Heim and Nemeroff, 2009), including personality
(Schnurr et al., 1993), exposure to childhood trauma (Bremner et al.,
1993), and smaller hippocampal size (Gilbertson et al., 2002).
However, predictors of PTSD have predominantly been studied
using cross-sectional designs in individuals who already had
developed PTSD or using posttrauma prospective designs. There-
fore, it remains uncertain whether the factors identiﬁed in these
earlier studies indeed represent pre-existing risk factors for
development of PTSD. It is possible that these supposed predictors
have actually changed by the presence of PTSD. For example,
a meta-analysis of cross-sectional studies on hostility and PTSD
showed a strong association between high hostility and PTSD, with
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Fig. 1. Hypothesized relationships between the level of PTSD symptoms after
deployment and all pre-deployment variables. Single-headed arrows represent causal
relationships. Double-headed arrows connect variables that co-vary but for which
causality of the relationship could not be determined.
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traumatic event (Orth and Wieland, 2006). This increasing effect
size over time indicates that hostility may increase as a conse-
quence of or in conjunction with development of PTSD.
The ﬁrst prospective studies on the predictive value of pre-
trauma personality for subsequent PTSD development predomi-
nantly relied on personality data collected for other purposes, such
as recruitment of military personnel (Schnurr et al., 1993; Bramsen
et al., 2000; Gil, 2005; Parslow et al., 2006). More recently the focus
of studies on predictors of PTSD shifted to prospective follow-up of
populations speciﬁcally at-risk for trauma exposure and subse-
quent development of PTSD, such as ﬁre-ﬁghters, police personnel
and pregnant women. In these studies the predictive value of
a limited number of personality traits for PTSD development was
investigated. These studies showed that hostility and anger, self-
efﬁcacy and neuroticism are signiﬁcant predictors of later
development of PTSD symptoms (Heinrichs et al., 2005; Meffert
et al., 2008; Engelhard et al., 2003).
PTSD has been associated with altered functioning of the hypo-
thalamic-pituitary-adrenal axis (HPA-axis) (for review: Heim and
Nemeroff, 2009; de Kloet et al., 2006). We previously observed that
a high number of glucocorticoid receptors in leukocytes before
deployment is a vulnerability factor for development of a high level of
PTSD symptoms in response to deployment (van Zuiden et al., 2010).
We hypothesize that in this respect it may well be that basal func-
tioning of theHPA-axis also is a predictor for subsequent development
of PTSD symptoms. Cortisol levels increase immediately after awak-
ening,with a 50e75% increase in the ﬁrst 30 min after awakening, and
remainelevated forat least 60 min. This rapid increase in cortisol levels
after awakening is called the cortisol awakening response (CAR), and
the CAR is thought to be a good indicator of adrenocortical activity
(Pruessner et al.,1997).Multiple studies indicated that theCAR is lower
in adult PTSD patients than in healthy controls (Rohleder et al., 2004;
Neylan et al., 2005; Wessa et al., 2006; de Kloet et al., 2007).
However, whether an attenuated CAR is a pre-existing vulnerability
factor for the development of PTSD remains unknown. Thus far one
pre-traumaprospective studyhas examined thepredictive valueof the
CAR for development of PTSD symptoms after trauma exposure
(Heinrichs et al., 2005). Within 43 male ﬁre-ﬁghters, the CAR was
assessed immediatelyafter basic training. Thepre-traumaCARwasnot
related with PTSD symptoms after two years of service, but the small
number of participants may have resulted in insufﬁcient power to
detect group differences.
Within military populations there is evidence that being
deployed at a younger age (Brewin et al., 2000; Richardson et al.,
2007; Iversen et al., 2008), previous deployments (Richardson
et al., 2007; Reger et al., 2009) and traumatic experience(s)
during childhood (Bremner et al., 1993; Brewin et al., 2000; Iversen
et al., 2008) are associated with higher rates of PTSD. Associations
between age, previous deployments, traumatic experience(s)
during childhood and personality (Trouillet and Gana, 2008;
Rademaker et al., 2008) and the CAR (Elzinga et al., 2008;
Almeida et al., 2009; de Kloet et al., 2007; van der Vegt et al.,
2009) have been previously reported. In addition, the presence of
PTSD symptoms before deployment predicts the presence of PTSD
after military deployment (Rona et al., 2009).
In the current studyweprospectively investigatedwithinagroup
of 470 male soldiers whether pre-deployment hostility measured
with the Cook-Medley Hostility scale (Barefoot et al., 1989),
temperament and character traits measured with the short-form
Temperament-Character Inventory (TCI-SF; Cloninger et al., 1993)
and the pre-deployment CAR predicted the development of PTSD
symptoms in response to deployment to Afghanistan, as measured
six months after return. In addition, we investigated whether the
previously reported associations between development of PTSDsymptoms after military deployment and age, traumatic experi-
ences during childhood and previous deployments were mediated
via pre-deployment personality traits, CAR and PTSD symptoms
(Fig.1). Path analysis, which represents a formof structural equation
modeling, allowed us to investigate both direct and indirect effects
of predictors on the outcome variable.
2. Materials and methods
2.1. Participants
The current study is part of a prospective cohort study on
biological and psychological aspects of development of deploy-
ment-related disorders in the Dutch Armed Forces. Participants
volunteered for the study prior to a 4-month deployment to
Afghanistan. Duties during deployment included combat patrols,
clearing or searching homes and buildings, participation in de-
mining operations, and transportation across enemy territory.
Written informed consent was obtained after a written and verbal
description of the study. The study was carried out in accordance
with the latest version of the Declaration of Helsinki and was
approved by the Institutional Review Board of the University
Medical Center Utrecht, The Netherlands. Participants ﬁlled out
questionnaires before deployment, including demographic vari-
ables, previous and current deployments, traumatic experiences
during childhood, personality and current psychological and
physical symptoms, including PTSD symptoms.
Initially, 508 male participants were included. Since we were
interested in the development of PTSD symptoms, we excluded 20
participants who already had high levels of PTSD before deploy-
ment. For determination of high levels of PTSD we used a cut-off
score of 38 on the Self-Report Inventory for PTSD (SRIP) (Hovens
et al., 1994; Hovens et al., 2002) before deployment (van Zuiden
et al., 2010). In addition, we excluded 38 participants with incom-
plete test scores on the SRIP before or after deployment, resulting in
a ﬁnal sample size of 470 male participants. Of these participants,
322 participants completed saliva collection for assessment of the
cortisol awakening response. The pre-deployment measurements
were used to predict PTSD symptoms assessed six months after
return from deployment. Data were collected between April 2006
and September 2009.
2.2. Questionnaires
Level of PTSD symptoms over the past 4 weeks was assessed
with the Dutch 22-item Self-Report Inventory for PTSD (SRIP). The
Table 1
Pre-deployment distribution and predictive value of personality traits assessed with
the Cook-Medley hostility scale and short-form temperament and character
inventory (n¼ 469).
Mean SD b p
Cook-Medley hostility total score 16.98 6.98 0.254 <0.001
TCI novelty seeking 7.93 2.78 0.010 0.821
TCI harm avoidance 3.01 2.73 0.029 0.562
TCI reward dependence 8.21 2.91 0.062 0.164
TCI persistence 10.58 2.59 0.005 0.919
TCI self-directedness 13.62 1.86 0.178 <0.001
TCI cooperativeness 11.76 2.89 0.058 0.267
TCI self-transcendence 2.63 2.68 0.071 0.126
M. van Zuiden et al. / Journal of Psychiatric Research 45 (2011) 713e719 715questionnaire consists of three subscales representing the PTSD
symptom clusters re-experiencing, avoidance and hyper-arousal.
The items are measured on a 4-point scale, ranging from 1 (not at
all) to 4 (very much). The total PTSD score is the sum score for all
items (range: 22e88). The SRIP has good concurrent validity with
other PTSD measures such as the Clinician Administered PTSD
Scale (CAPS) and Mississippi scale for PTSD (Hovens et al., 1994,
2002).
Hostility was assessed with the MMPI-based Cook-Medley
Hostility Scale (Barefoot et al., 1989), consisting of 50 true/false
items. The total hostility score is the sum of all items. Additional
personality characteristics were assessed with the Dutch short-
form version of the Temperament-Character Inventory (TCI-SF)
(Cloninger et al., 1993; Duijsens et al., 1999; Duijsens and
Spinhoven, 2002) that distinguishes between four temperament
traits: Novelty Seeking, Harm Avoidance, Reward Dependence and
Persistence and three character traits: Self-Directedness, Coopera-
tiveness and Self-Transcendence. The questionnaire consists of 105
true/false items.
Exposure to traumatic experiences during childhood was
assessed using the Dutch version of the short-form self-report
version of the Early Trauma Inventory (Bremner et al., 2007). The
questionnaire is designed to assess exposure to potential traumatic
experiences before the age of 18 years (general trauma, physical
abuse, emotional abuse and sexual abuse) and consists of 27
dichotomous items. The total score represents the number of
different traumatic events experienced. Exposure to deployment
stressors was assessed with a 13-item checklist speciﬁcally devel-
oped for this study.
2.3. Cortisol sampling procedure
Salivettes (Sarstedt Inc. Newton, NC, USA) were used for
sampling of salivary free cortisol. Each participant received a set of
salivettes along with verbal and written instructions about the
sampling procedure. Participants were instructed to collect the
ﬁrst sample directly after awakening (“The moment you can open
your eyes”). The next samples were taken at 15, 30 and 60 min
after awakening. Participants were instructed to chew gently on
the cotton swab for approximately 1 min and then return it to the
salivette. Participants were free to follow their normal routines,
but reported their time of awakening, alcohol consumption during
the previous day and their caffeine (coffee and tea) and nicotine
consumption during the sampling procedure. The participants
were asked to return their samples directly by mail. Returned
samples were encoded and frozen (20 C), before they were
shipped to the Biological Psychology Laboratory at Dresden,
Germany for analysis. The samples were analyzed using a lumi-
nescence immunoassay (IBL International, Germany). Intra- and
inter-assay variations are <4.5% and <4.3% respectively.
The ‘area under the curve with respect to the ground’ (AUGg)
was used as a measure for the overall cortisol production in the
ﬁrst hour after awakening (Pruessner et al., 2003). In addition, the
‘Mean Increase’ (MeanInc) was used as a measure for the increase
in cortisol production the ﬁrst hour after awakening (Wust et al.,
2000). The MeanInc includes both the increasing and the
decreasing phase of the CAR. Since we included an additional
sampling point at 15 min after awakening, we investigated
whether the maximum increase (MaxInc) in cortisol levels in the
ﬁrst 30 min after awakening (e.g. either at 15 or 30 min) could be
used as an additional measure to assess the increasing phase of
the CAR. However, we observed a very strong correlation between
the MeanInc and the MaxInc in cortisol levels (r¼ 0.82), and
therefore did not include the MaxInc as an additional measure of
the CAR.2.4. Data analyses
Basic statistical analyses were conducted using SPSS 15.0.
Continuous variables were tested for univariate normality and log
transformation was performed when necessary. For the CAR,
multiple imputation (Amalia for R statistical software) was used to
impute cortisol values for individuals with one missing sample
point (n¼ 12). All sampling points were excluded for participants
with outliers (z 3.29) in the individual sample points (n¼ 4).
Analysis of multicollinearity showed that the variance inﬂation
factor (VIF) of all variables was well below the tolerable limit of 10
and therefore was not considered to be problematic. Using Maha-
lonobis distance analysis (p< 0.001) one multivariate outlier was
detected and removed from the analysis (Kline, 2005).
Path analysis, using AMOS version 16.0, was used to examine
relationships between variables. First, the 8 pre-deployment
personality traits and the 2 CAR measures were included in two
separate models with co-varying predictors to identify whether
personality and the CAR were signiﬁcantly associated with PTSD
total scores six months after deployment. Subsequently, the
signiﬁcant variables were included in the hypothesized model
(Fig. 1) to predict PTSD total scores six months after deployment
based on direct and indirect effects of the included pre-deployment
variables.
Since 12.2% of the participants had some missing values on the
questionnaires and the CAR was not available for all participants,
full information maximum likelihood parameter estimation was
used. Standardized parameters are presented to facilitate inter-
pretation. The model chi-square (c2), comparative ﬁt index (CFI),
normative ﬁt index (NFI) and the root mean square error of
approximation (RMSEA) were used to test the goodness-of-ﬁt of
the overall model. Acceptable ﬁt was deﬁned as c2: p 0.05,
CFI> 0.9, NFI> 0.9 and RMSEA< 0.05 (Kline, 2005). The change of
the model c2 (Dc2) was used to compare the full hypothesized
model and the ﬁnal trimmed model. The ﬁt of the trimmed model
was deﬁned to be as good as the ﬁt of the full model when p 0.05.
3. Results
3.1. Group characteristics
The mean level of PTSD symptoms was increased six months
after deployment (SRIP total score before deployment: 26.10
(SD¼ 3.80), SRIP total score six months after deployment: 27.44
(SD¼ 6.34), F(1,468)¼ 18.392, p< 0.001). Moreover, six months after
deployment 36 participants (7.7%) had developed high levels of
PTSD. On average participants experienced 5.11 (SD¼ 2.58)
potentially traumatic events during deployment. The combat group
was exposed to typical war-zone stressors such as exposure to
enemy ﬁre, armed combat, and seeing seriously injured and dead
fellow soldiers and civilians (including women and children).
Table 2
Pre-deployment distribution of salivary cortisol levels during the cortisol awakening
response (n¼ 318).
Mean SD
Awakening (nmol/l) 11.19 7.02
15 min after awakening (nmol/l) 14.28 8.86
30 min after awakening (nmol/l) 15.17 9.13
60 min after awakening (nmol/l) 12.24 8.56
Area under the curve with respect to ground (AUCg) (nmol/l) 827.35 404.48
Mean increase (MeanInc) (nmol/l) 2.79 7.70
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Fig. 2. Relationships between the level of PTSD symptoms after deployment and pre-
deployment variables that were signiﬁcant in the initial analyses. Standardized
regression weights and correlations are presented for each signiﬁcant pathway. The
total variance explained is presented in the right upper corner of all dependent vari-
ables in the model.
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Participants had experienced on average 0.98 previous deploy-
ments (SD¼ 1.29). They reported a mean of 3.11 (SD¼ 2.72)
potentially traumatic experiences in their childhood.
3.2. Predictive value of personality
First, we tested whether the 8 personality traits as determined
by the Cook-Medley Hostility Scale and short-form Temperament-
Character Inventory were signiﬁcantly associated with PTSD total
scores six months after deployment. The pre-deployment distri-
bution of the personality traits and the predictive value of the traits
for PTSD total scores six months after deployment are presented in
Table 1. Only hostility (b¼ 0.254, p< 0.001) and self-directedness
(b¼0.178, p< 0.001) were signiﬁcantly associated with PTSD
total scores after deployment.
Since aspects of hostility, e.g. irritability and outbursts of anger,
are also symptoms of PTSD, we investigated whether the associa-
tion between hostility and PTSD was still present when these
hostility-related items were removed from the PTSD score. The
direct effect of hostility on PTSD total scores after deployment
remained approximately the same (b¼ 0.20, p< 0.001).
3.3. Predictive value of cortisol awakening response
Subsequently, we tested whether the pre-deployment CAR
measures (Table 2) were signiﬁcantly associated with PTSD total
scores six months after deployment. The AUCg (b¼ 0.008,
p¼ 0.904) and MeanInc (b¼ 0.023, p¼ 0.708) were not associated
with PTSD total scores six months after deployment. A moderate
correlation between the AUCg andMeanInc was observed (r¼ 0.45,
p< 0.001). Medication use was very limited (non-systemic gluco-
corticoid use (nasal spray or crème), n¼ 5; antihistamines, n¼ 8;
and anti-hypertensives, n¼ 5). Removing the CAR measures of
these participants from the analysis did not alter the results (AUCg:
b¼ 0.011, p¼ 0.859; MeanInc: b¼ 0.021, p¼ 0.741).
3.4. Fit of full hypothesized model
Personality traits hostility and self-directedness were included
in the hypothesized model. The CAR measures did not signiﬁ-
cantly predict PTSD total scores 6 months after deployment and
were therefore not included. The hypothesized model had an
excellent ﬁt to the data, c2(2,n¼469)¼ 0.531, p¼ 0.767, CFI¼ 1.000,
NFI¼ 0.998, RMSEA¼ 0.000. All pathways that did not reach
statistical signiﬁcance (all effects of previous deployments and
direct effects of age and childhood trauma on post-deployment
PTSD total scores) were removed from the hypothesized model.
The ﬁnal trimmed model depicted in Fig. 2 ﬁtted the data as good
as the full hypothesized model (Dc2(8,n¼469)¼ 11.045, p¼ 0.199)
and had an excellent ﬁt, c2(10,n¼469)¼ 11.576, p¼ 0.314, CFI¼
0.997, NFI¼ 0.983, RMSEA¼ 0.018.3.5. Direct and indirect effects in hypothesized model
In the ﬁnal model high hostility (b¼ 0.211, p< 0.001) and low
self-directedness (b¼0.132, p¼ 0.006) before deployment had
signiﬁcant direct effects on PTSD total scores after deployment. In
addition, a moderate negative correlation between hostility and
self-directedness was observed (r¼0.48, p< 0.001). PTSD total
scores before deployment were positively associated with PTSD
total scores after deployment (b¼ 0.27, p< 0.001). Furthermore,
signiﬁcant correlations between PTSD total scores before deploy-
ment and hostility (r¼ 0.40, p< 0.001) as well as self-directedness
(r¼0.41, p< 0.001) were observed.
The effects of age and childhood trauma on PTSD total scores
after deployment were only indirect. Reporting more childhood
trauma was associated with higher hostility (b¼ 0.230, p< 0.001)
and a higher PTSD score before deployment (b¼ 0.183, p< 0.001).
Being younger was associated with higher hostility (b¼0.236,
p< 0.001) and lower self-directedness (b¼ 0.181, p< 0.001).
Number of previous deployments was positively related to age
(r¼ 0.34, p< 0.001).
Childhood trauma and age explained 11% of the variance in
hostility before deployment. In addition, 3% of the variance in self-
directedness before deployment was explained by age. Three
percent of the variance in PTSD total scores before deployment was
accounted for by childhood trauma. In the ﬁnal model 24% of the
variance in PTSD total scores six months after deployment was
explained by hostility, self-directedness and PTSD symptoms before
deployment.
4. Discussion
Our path analysis revealed that higher hostility and lower self-
directedness before deployment predicted the presence of PTSD
symptoms after military deployment. Pre-deployment PTSD symp-
toms also signiﬁcantly predicted the presence of PTSD symptoms
after deployment. The cortisol awakening response (CAR) before
deployment was not associated with PTSD total scores after
deployment. Together, the predictors explained 24% of the variance
in PTSD symptomatology after deployment.
Our results show that high hostility and low self-directedness
represent intrinsic vulnerabilities for development of PTSD after
deployment. Heinrichs et al. (2005) also observed in a small sample
that pre-trauma personality traits hostility and self-efﬁcacy, which
is linked to self-directedness, were signiﬁcant predictors of PTSD
symptom development in the following two years. Only two
additional pre-trauma prospective studies on concepts related to
hostility have been performed. High trait anger measured in 180
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predictor of PTSD symptoms after one year of police service
(Meffert et al., 2008). Furthermore, PTSD symptoms one to six years
after return from peacekeeping missions could be predicted by pre-
deployment assessment of the Dutch short-form MMPI negativism
scale, which measures the presence of a negative, hostile attitude
towards others and life in general (Bramsen et al., 2000). Irritability
and outbursts of anger are both signs of hostility and symptoms of
the hyper arousal cluster of PTSD. However, it has been reported
previously that the association between hostility and PTSD does not
constitute an artefact of the overlap in symptomatology (Orth and
Wieland, 2006; Meffert et al., 2008). The current results conﬁrm
these previous ﬁndings, since hostility was also related to the level
of PTSD symptoms when the overlapping symptoms were
removed.
Individuals scoring low on the TCI-SF subscale self-directedness
have been described as being immature and irresponsible: they
generally havedifﬁculties accepting responsibilities andsetting long-
term goals (Cloninger et al., 1993). The predictive value of self-
directednesshasnot been investigatedpreviouslywithinprospective
studies. However, cross-sectional studies that assessed self-direct-
edness after development of PTSD, have reported lower self-direct-
edness within PTSD patients compared to controls without
psychopathology (Ghazinour et al., 2003b; Yoon et al., 2009).
It has been previously hypothesized that both high hostility and
low self-directedness are related to low social support and ineffec-
tive coping behavior (Bramsen et al., 2000; Ghazinour et al., 2003a;
Heinrichs et al., 2005), which are associated with increased preva-
lence of PTSD in posttrauma studies (Brewin et al., 2000;
Sharkansky et al., 2000). Furthermore, high hostility and low self-
directedness might be associated with altered emotion processing,
leading to greater peri-traumatic distress or altered peri-traumatic
information processing, which are both risk factors for development
of PTSD symptoms (Ehring et al., 2008; Inslicht et al., 2010).
Aside from associations between personality and psychological
processes involved in PTSD, there are indications that personality
traits are related to various biological systems involved in the
pathophysiology of PTSD. The pre-trauma CAR was not associated
with PTSD symptoms after deployment, and hence does not
mediate the relationship between personality and PTSD. Changes in
the functioning of the immune system also have been associated
with PTSD (Spivak et al., 1997; von Kanel et al., 2007; Gill et al.,
2009). Our group previously reported that hostility was related to
increased levels of T-cell mitogen-stimulated pro-inﬂammatory
cytokines, accompanied by increased levels of anti-inﬂammatory
cytokines and decreased levels of IL-6 and chemokines
(Mommersteeg et al., 2008). Therefore, we propose that the func-
tioning of the immune system could possibly be mediating the
effects of hostility and self-directedness on PTSD development.
Further research is needed to elucidate the psychological and bio-
logical pathways contributing to the relation between self-direct-
edness, hostility and PTSD.
Sincewe previously observed that a pre-existing high number of
glucocorticoid receptors in leukocytes is a vulnerability factor for
development of a high level of PTSD symptoms in response to
deployment (van Zuiden et al., 2010), we hypothesized that basal
functioning of the HPA-axis might also be different in individuals
vulnerable for PTSD symptom development. However, our results
indicate that the CAR is not a pre-existing vulnerability factor for
the development of PTSD symptoms. This conﬁrms the negative
ﬁndings of Heinrichs et al. (2005), which was performed in a much
smaller sample. Since assessment of cortisol directly after trauma
has been previously found to predict PTSD development (Delahanty
et al., 2000, 2005), it might be that HPA-axis reactivity to a trau-
matic event is involved in the pathophysiology of PTSD, instead ofbasal HPA-axis functioning. We propose that an attenuated CAR,
which was repeatedly observed in individuals with PTSD (Rohleder
et al., 2004; Neylan et al., 2005; Wessa et al., 2006; de Kloet et al.,
2007), develops as a consequence of the presence of PTSD. In
addition, some studies have also reported an attenuated CAR in
trauma-exposed individuals without PTSD (de Kloet et al., 2007;
Klaassens et al., 2010), indicating that the CAR may also be
altered by trauma exposure as such.
Non-compliance in saliva sampling times may confound
assessment of the CAR. Kupper et al., (2005) reported that
a decrease in cortisol levels in the ﬁrst 30 min after awakening was
related to non-compliance in sampling times in 80% of participants.
In the current study a negative mean increase within the ﬁrst
30 min of the CAR was observed in a substantial proportion of
participants (n¼ 94; 29.6%). Removing these participants from the
analyses did not alter the results of our initial path analysis
however (data not shown), and therefore we did not exclude these
participants from the analysis. Comparison of pre-deployment
morning plasma cortisol levels (collected between 8.00 and 11.30
a.m.) between participants with positive and negative mean
increases in the ﬁrst 30 min after awakening, revealed that
participants with a negative mean increase had lower plasma
cortisol levels (Positive MeanInc 0e30, mean (SD): 451.71 (156.04)
nmol/l; negativeMeanInc 0e30, mean (SD): 409.54 (118.59) nmol/l,
t(305)¼ 2.027, p¼ 0.044). This indicates that the observed negative
mean increase in these participants may not be associated with
non-compliance only, but may represent genuine alterations in
HPA-axis functioning.
Other factors inﬂuencing the CARmay also have confounded the
association between the CAR and other observed variables in the
path analysis (Fries et al., 2009). We analyzed the inﬂuence of body
mass index, alcohol consumption on the day before saliva sampling,
caffeine (coffee/tea) and nicotine consumption during saliva
sampling and awakening time during the sampling day on the CAR.
These variables did not signiﬁcantly predict the AUCg and MeanInc
(data not shown) and therefore we can exclude that these factors
confounded the current results.
Rona et al. (2009) previously reported that pre-deployment
PTSD increased the risk for PTSD after deployment. The results from
the current study, in which participants with a pre-deployment
abnormal level of PTSD symptoms were excluded, indicate that
even a low-to-moderate pre-deployment PTSD symptom level is
a predictor for later PTSD symptoms.
It was previously reported that the impact of combat is
increased for individuals with adverse experiences during child-
hood (Brewin et al., 2000; Iversen et al., 2008) and for younger
individuals (Brewin et al., 2000; Richardson et al., 2007; Iversen
et al., 2008). The results of the path analysis conﬁrmed our
hypotheses that the effects of childhood trauma and age on
development of PTSD symptoms after deployment are indirect.
Childhood trauma was related to higher hostility and the presence
of PTSD symptoms before deployment, which in turn inﬂuenced
the development of PTSD symptoms after deployment. The rela-
tionship between childhood trauma and higher hostility may be
mediated by attachment style. Childhood maltreatment is associ-
ated with increased risk for developing insecure attachment styles
(Finzi et al., 2000). Insecure attachment is associated with higher
levels of reported hostile emotions and aggressive behaviors during
adolescence, and also with a smaller decline in these emotions and
behaviors during adolescence (Kobak et al., 2009). Younger agewas
related to higher hostility and lower self-directedness, which in
turn inﬂuenced the development of PTSD symptoms after deploy-
ment. This effect of age on personality implies that levels of self-
directedness and hostility may change over time. However, since
effects of aging on hostility and self-directedness have not been
M. van Zuiden et al. / Journal of Psychiatric Research 45 (2011) 713e719718studied within longitudinal designs with a substantial period
between assessments, birth-cohort-effects caused by for example
differences in societal inﬂuences cannot be ruled out.
In our study the number of previous deployments was not
related to PTSD symptoms before and after deployment. Thus our
data do not support a dose-response relationship between previous
deployments and subsequent development of PTSD symptoms.
This is contradictory to ﬁndings of previous studies in US and
Canadian troops (Richardson et al., 2007; Reger et al., 2009), but not
to ﬁndings of a recent study in UK troops (Fear et al., 2010). In the
studies cited above PTSD symptomatology was only assessed after
deployment. Thus the conﬂicting results may have been inﬂuenced
by the inclusion of individuals with high pre-deployment PTSD
symptoms caused by previous deployments in the cited studies,
while participants with high levels of pre-deployment PTSD
samples were excluded in the current study.
A limitation of the current study is that PTSD was not assessed
with a structured clinical interview. However, it is known that the
SRIP has good concurrent validity with diagnostic clinical inter-
views for PTSD (Hovens et al., 1994, 2002). Therefore, the PTSD
symptomatology as assessed with the SRIP probably is a reliable
reﬂection of actual PTSD symptomatology and clinical impairment.
Co-morbid major depressive disorder (MDD) is usually present in
approximately 50% of combat veterans with PTSD (Ikin et al., 2010).
However, potential co-morbid MDD and other DSM-IV axis-I
disorders were not assessed. We cannot completely exclude that
our results are inﬂuenced by the development of co-morbid
disorders in a subgroup of participants.
The current study provides valuable information about vulnera-
bility factors for development of PTSD symptoms after trauma in
male soldiers. Our results indicate that pre-deployment high
hostility, low self-directedness and the presence of low-to-moderate
levels of PTSD symptoms are vulnerability factors for the develop-
ment of PTSD symptoms after deployment. These vulnerability
factors are inﬂuenced by the age during deployment and traumatic
experience(s) during childhood. Identiﬁcation of vulnerability
factors for PTSD, such as described in this study, provides an oppor-
tunity to target primary or secondary interventions towards indi-
viduals at riskandto tailor these interventions to the speciﬁcneedsof
these individuals. Our ﬁndings indicate that post-deployment
screening for early detection of PTSD symptomsmight be speciﬁcally
valuable for individualswith lowself-directedness andhighhostility,
and for those with pre-deployment low-to-moderate symptoms of
PTSD. In addition, pre-deployment psycho-education aimed at
fostering resilience might be speciﬁcally directed towards these
individuals. However, future research should investigate which
underlyingmechanismscause the increasedvulnerability forPTSD in
individuals presenting with the identiﬁed vulnerability factors, so
interventions may be tailored to modify these underlying mecha-
nisms. In addition, it has previously been established that the
personalityproﬁle ofmilitarypersonnel differs fromtheproﬁle of the
general population (Rademaker et al., 2008). Therefore further
research is warranted to investigate whether our ﬁndings can be
generalized to other trauma populations.Conﬂicts of interest
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